Twelve county standard hockey players completed a 30 second sprint on a non-motorised treadmill and an uphill treadmill running test to determine maximum oxygen uptake (VO2 max) before and after 6 weeks of high intensity training (fast runs 3-5 miles, intervals 30-300m and circuit training), whilst 11 club standard players completed the same tests without any additional training. For the county standard group there was an 11.1% and 5.0% improvement in peak running speed and distance covered on the sprint treadmill respectively, a 4.2% improvement in V02 max and an 11.5% improvement in run time to exhaustion during the V02 max test (all p < 0.01). No changes were observed for the club standard group. There were large increases in blood lactate (county group 13.26 ± 1.83 mM) and blood glucose (county group 1.56 ± 0.71 mM) concentrations as a result of the treadmill sprint, but there were no additional changes in these variables as a result of training. Thus, the mechanism of adaptation in this type of brief maximal exercise remains in question. Key words: Training, Sprinting, Metabolism, Testing
INTRODUCTION
The causes of fatigue and the factors which limit performance in sprint running exercise are not fully understood. One means of studying the factors which limit performance is to examine the responses to training and the metabolic changes which accompany training-induced improvements in performance. Several studies have demonstrated improvements in the ability to perform high intensity exercise after various types of training. Extended run times to exhaustion during uphill treadmill running have been found after both general conditioning (Cunningham and Faulkner, 1969) and interval training (Houston and Thomson, 1977) , whilst an increased power output during maximal cycling tests has been shown following sprint training (Weltman et al, 1978) .
Uphill treadmill running and sprint cycling tests have generally been used as the exercise tasks during these studies, because the performance improvement can be described either in terms of the increased run times to exhaustion during treadmill running, or by the increased power output during sprint cycling. However, sprint running has been less frequently examined in the laboratory because of methodological limitations. The purpose of the present study was to examine the effect of short term high intensity training on sprint running performance as measured by a new laboratory based test (Lakomy, 1984; Cheetham et al, 1985) , and also to examine the metabolic responses to this type of brief maximal exercise before and after training.
METHODS Subjects
Two groups of hockey players participated in this experiment. Twelve female county standard hockey players whose mean (± SD) height, weight and age were 162.5 (5.7)cm, 61.0 (5.6)kg and 21.3 (2.1)yrs, agreed to complete 6 weeks of high intensity training which included 4-5 training sessions per week (two fast runs between 3-5 miles, two interval sessions which involved repeated runs of 30-300m and at least 1 circuit training session) in addition to their normal hockey commitments of 1-2 skill/tactics sessions and 1-2 matches per week. A second group of club standard hockey players of height, weight and age 165.2 (4.6)cm, 61.9 (4.4)kg and 21.0 (1.4)yrs volunteered to perform the same laboratory tests as the county standard group, but to continue only with their normal hockey programme of 1-2 matches and one practice session per week. Protocol A non-motorised treadmill was used for the sprint test as this allowed the subjects to run at their own speed and change speed as fatigue occurred. The subjects were thoroughly familiarised with treadmill sprinting in two practice sessions several days before the experiment commenced. On the day of the experiment the subjects arrived at the laboratory after an overnight fast and, following a standardised cycle ergometer warm-up, a 30 second sprint was completed on the non-motorised treadmill from a rolling start. The subjects were asked to run maximally from the start of the test and were verbally encouraged throughout. The sprint test was performed at approximately the same time of the morning before and after training, whilst the post-training tests commenced 2-3 days after the final training session.
The treadmill was interfaced to a microcomputer which continuously monitored the treadmill belt speed and hence recorded the distance which the subjects moved the treadmill belt during the test. The modifications made to the treadmill, the test procedure and reliability have been described previously (Lakomy, 1984; Cheetham et al, 1985) .
Capillary blood samples were taken after the standardised warm-up and at 5 minutes following the sprint and were deproteinised, frozen and analysed at a later date for blood lactate and glucose concentrations according to the method described by Maughan (1982) . The same procedures were repeated after training.
In addition, an uphill treadmill running test (Taylor et al, 1955) was completed before and after training to determine the maximum oxygen uptake (N02 max) of each individual.
A paired t-test was used to examine differences between the pre-and post-training means. time period of the test after the 6 week period of training in addition to normal hockey activities. The numerical results of the performance tests are shown in Table 1 . There was an 11.1% and 5% improvement in peak running speed and distance covered respectively on the sprint treadmill, a 4.2% improvement in V02 max and an 11.5% improvement in run time to exhaustion during the V02 max test (all p < 0.01). Fatigue, during the treadmill sprint test (expressed as the difference between maximum and minimum speeds as a percentage of the maximum speed) increased in absolute terms (p < 0.05). There were no changes in any of these variables for club standard group who continued with their normal hockey programme over the 6 week period, but who performed no additional training. The blood lactate and blood glucose concentrations post warm-up and at 5 minutes after the treadmill sprint before and after training are shown in Table II . Blood lactate concentration after the warm-up and at 5 minutes postexercise was lower for the club standard group after the 6 week period. However, there were no differences in the increase in blood lactate or blood glucose concentrations for either group after training (Fig. 2 ).
Prior to training those individuals covering the greatest distance on the treadmill during the 30 second sprint also had the highest blood lactate concentration at 5 minutes after the sprint (r = 0.67, p < 0.01; n = 23). A relationship was also found between these two variables for the county standard group only, both before and after training (r = 0. group.bmj.com on June 19, 2017 -Published by http://bjsm.bmj.com/ Downloaded from p < 0.01 and r = 0.53 p < 0.05 pre-and post-training respectively) (Fig. 3) . However, no relationship was found between V02 max and peak running speed on the sprint treadmill (r = 0.34 and r = 0.02 pre-and post-training respectively) or between run time during the V02 max test and distance covered on the sprint treadmill (r = 0.37 and r = -0.04 pre-and post-training respectively).
DISCUSSION
The improvements gained in peak running speed and distance covered on the sprint treadmill are of a similar magnitude to those improvements found in other studies where the exercise test used to monitor the training response was performed at maximal rates (Weltman et al, 1978; Campbell et al, 1979; Belcastro et al, 1981) . However, all of these studies used sprint cycling as the performance test and blood metabolites were not measured. Those investigations which have examined the metabolic responses to high intensity exercise have used uphill treadmill running as a measure of performance. Both Cunningham and Faulkner (1969) and Houston and Thomson (1977) found increases in the post-exercise blood lactate concentrations of 17% and 14% respectively above the pre-training values, which were accompanied by a 23% and 17% increase in the run time to exhaustion during the uphill treadmill running test. These increases in blood lactate concentration have been attributed to an increased contribution from anaerobic glycolysis to ATP resynthesis during the run (Cunningham and Faulkner, 1969) . However, these results are difficult to interpret, because of the increase in running time after training.
In the present study the blood lactate response was examined after a bout of exercise performed at maximal rates for the same period of time before and after training. Blood lactate concentration at 5 minutes after this type of exercise has been shown to reflect muscle lactate at cessation of the sprint (Cheetham et al, 1986) . Therefore, the significant relationship found between blood lactate concentration following the sprint test and performance during the sprint, both before and after training, would tend to suggest that inter-individual variations in performance may be partially related to the ability to supply energy from anaerobic glycolysis. Similar findings were made by Ohkuwa et al (1984) who found a significant relationship between 400m times and blood lactate concentration after the sprint in untrained and endurance trained runners (r = 0.76, p < 0.05 and r = 0.71, p < 0.05) but found no significant relationship for a group of sprinters. In the present study the training-induced improvements in peak running speed and distance covered on the sprint treadmill were not accompanied by any increase in blood lactate concentration. However, it has been suggested that endurance training may affect lactate clearance rather than lactate production (Donovan and Brooks, 1983 ) although these findings have been recently disputed (Favier et al, 1986) . If the suggestion of increased removal of lactate is accepted and also applied to interval training, it is possible that the muscle lactate concentration could have been higher after training as there would be little time for increased clearance during the sprint, and that more lactate was removed from the circulation in the recovery period. The results of a recent study examining muscle metabolism before and after sprint training found an improvement of 7.5% and 8.2% respectively in peak and mean power output during sprint cycling with a 7%, but not statistically significant, increase in muscle lactate concentration above the pre-training values (Boobis et al, 1983) . Whether or not the contribution from anaerobic glycolysis is increased during this type of exercise, as a result of training, is still in question.
As V02 max was increased the possibility of an increased aerobic contribution to the sprint cannot be ruled out.
However, the improvements in V02 max were relatively small (4.2%). This may be because of the well-trained status of the subjects prior to the study. A similar (4.1%) but not statistically significant, training-induced improvement in V02 max after high intensity training has been shown for a group of highly trained male subjects, whilst a 4.6% improvement in V02 max was found for female games players after 6 weeks of endurance training at 90% V02 max (Houston and Thomson, 1977; Williams and Nute, 1986) . The major improvement in the present study during the V02 max test was in the 11.5% increase in run time to exhaustion. It has been suggested, as previously mentioned, that such improvements in run time may be a result of a greater anaerobic contribution to the latter stages of the run rather than to any increase in muscle oxidative capacity (Davies et al, 1982) . However, as there was no evidence of an increased lactate concentration after the sprint test an alternative explanation may lie in an improved muscle buffering capacity as has been found recently after sprint training (Sharp et al, 1986) . Furthermore, any small changes in muscle oxidative capacity that may have occurred are unlikely to have had a substantial effect on sprint performance. In one of the few studies which has examined the effect of an improved oxidative capacity on sprint performance, no changes in sprint cycling performance were found after a short term endurance training programme which resulted in marked increases in V02 max and in endurance capacity (Hardman et al, 1986) .
As any small changes in the aerobic contribution to the sprint are unlikely to have influenced performance and the blood lactate response to the sprint was the same before and after training, an improvement in economy (defined as force developed in relation to ATP utilised) may have occurred (Westra et al, 1985) . Alternatively, blood lactate concentrations sampled at 5 minutes post-exercise may not adequately reflect any training-induced changes in muscle metabolism.
The very low correlations found between performance during the V02 max test and the treadmill sprint test are consistent with the findings of Katch and Weltman (1979) who compared power output during cycle ergometer sprinting and V02 max as determined by treadmill running. These are not surprising findings when the different metabolic requirements of the two tests are considered. Therefore, the training-induced improvements in both sprint performance and in V02 max in this study, are more likely to be a result of the general nature of the training programme than to any underlying change in metabolism that affects both V02 max and sprint performance.
In summary this study has demonstrated that short term high intensity training results in an improvement in the sprint running performance and in the VO2 max of previously well trained female games players. The improvements in sprint performance could not be accounted for by any change in the post-exercise blood lactate concentration. Hence, the mechanism of adaptation in this type of brief maximal exercise remains in question.
